upward (or downward) orientation upon an inclined surface and the slope of the surface, in Agriolimax, and that the relationship is in principle similar to that apparent in the case of young rodents (Crozier and Pincus, 1926-27; 1929; 1929-30) . The successful formulation was based upon the idea that upward orientation ceases, or is no longer forced, when the downward pull of the body mass is so adjusted that within a threshold difference the pull is the same on the two sides. Similar observations have been made subsequently with other gasteropods. This treatment is quite independent of any assumption that the statocyst is the organ whose excitation governs geotropic excitation, but in itself (Crozier, 1928) it says nothing about the possible involvement of the statocyst in some other feature of geotropic excitation or of the response itself.
Experiments by Crozier and Navez (1929) made it clear that the latent period of the upward orientation of Liguus and of certain other gasteropods, creeping upon a vertical plate, is definitely a function of the pull of the mass carried by the parietal muscles, and that the direction of this pull (cf. also Cole, 1925-26) determines the direction of orientation (unless "reversal" takes place). This rules out any quantitative connection between statocyst and geotropic excitation. It does not necessarily signify, of course, that the statocyst is completely devoid of significance for the geotropism. We have more recently undertaken a careful examination of the latent period for the orientation-response as related to the slope of the supporting surface. The results confirm in an adequate manner the correctness of the assumptions underlying the treatment of geotropism as a result of impressed muscle tensions. The experiments are of interest in another way, namely because of their simplicity, while nevertheless possibly giving a fairly direct approach to the physiology of tensionreceptors through the investigation of intact organisms.
II
A large plate of ground glass was pivoted at its center so as to be rotatable upon a smooth bearing. The bearing was mounted upon a steel rod so hinged at its base as to be inclinable at any desired angle. On the freshly moistened surface of this plate a snail was allowed to creep as nearly straight upward as possible. During the active creeping the plate was rotated in its own plane in such a way that the axis of the animal was turned to a horizontal position. After a definite latent interval, the anterior end of the snail then begins to orient upward. When such tests are made in an ordinary laboratory room, or even in a dark-room with sufficient light to permit observation, it is impossible to exclude the effects of phofic excitation unless the eyes are removed. Amputation of the eye-stalks suppresses phototropic orientations (cf. Wheeler, 1923) and at the same time largely does away with the possibility of anemotropic excitation due to air currents brought into play by the rotation; this is tested by rotations with the plane horizontal. Certain of these points have been discussed in other papers (Crozier and Navez, 1929; Crozier and Cole, 1929-80) . (Experiments have also been made with a rotatable plate serving as the bottom of a box completely enclosed by a glass or cellophane top, to eliminate air currents.)
The latent period for the initiation of geotropic response is sufficiently long to permit easy measurement with a stop-watch. The latent period or reaction time is estimated from the moment of half rotation of the plate to its new position, which (as measured independently) occupied in the average 0.35 seconds, until the first appearance of upward turning of the head. With each of the tested individuals this reaction time was measured in twenty trials at each of a series of slopes. It is quickly found that the magnitude of the reaction time depends in a definite and characteristic way upon the slope (a) of the glass plate. It has been pointed out that for the estimation of the statistical significance of mean values of such reaction times it is necessary to work with a definite number of individuals at each value of the independently variable condition, and at each such value to secure a constant number of readings with each individual (cf. Crozier and Pincus, 1929-30; Crozier, 1929) . Evidences which may be obtained as to the "internal consistency" of such observations are more significant than would be the result of unsystematic attempts to increase formal precision by merely increasing numbers of observations. A chief point in view in our inquiry has been the possibility of determining whether the variability of latent period may not be controlled by the gravitationally exciting vector in the same manner as the latent period itself.
III
Four animals (Helix lactea) were used for the most complete series of experiments by the method previously outlined. A variety of tests showed that it was possible to obtain very closely agreeing mean values of the reaction time in series of tests on different days with the same individual. In a number of cases the curves of reaction times were very closely duplicated in such parallel series. The temperature of the laboratory was 20°4-1 °. The four animals chosen each weighed approximately 6 gin.
The body of such a snail as Helix of course exhibits a fundamental torsion. We therefore compared reaction times exhibited when the animal is turned to the right and to the left. No consistent differences were found, and in each case the difference was quite small (cf. Crozier and Navez, 1929) . The practice was to alternate turnings to right and to left. The successive slopes (a) chosen in a given series of tests were in random order as to magnitude. With adequate periods of rest between trials, of the order of several minutes or more, no evidence could be obtained of any facilitation effects. With lesser intervals facilitation is evident, but other facts point to its origin in the greater extension of the parietal muscles. Table I contains a summary of the measurements. In each case the latent period for geotropic response shortens with increase of the slope. In at least a rough way, the relationship is hyperbolic between latent period and the sine of the slope, and can be so fitted (Figs. 1, 3) , indicating that the active component of gravity directly determines the velocity of the onset of response. The mean values of the latent periods are plotted in Fig. 1 . The degree of scatter of the individual measurements at any one value of the slope is rather small, and the values for the several individuals tend to agree well among themselves. We have therefore combined the measurements from all. In each case, moreover, it is easily seen that the standard deviation of the mean latent period declines in about the same way as the reaction time it-! liP---- Table I ). self declines. With the very highest slopes (above 80 ° ) it is apparent that the reaction time shortens more rapidly with increase of slope than at lower slopes; there is apparent a rather abrupt discontinuity in the curve. Fig. 2 demonstrates that the standard deviations of the measurements follow a similar course. ~ In fact, both for the collective data and in each individual case the standard deviation of the reaction time is directly proportional to the reaction time itself. Table I ). 1 The frequency distribution of measured latent periods at given ol is always slightly skewed in the direction of excess of somewhat longer reaction times. We have not found it necessary, however, to allow for this in computing ~. The fact itself is consistent in an interesting way with the idea that what is really measured, and the thing which varies "randomly," is the velocity of the underlying latentperiod process (i.e., Table II ).
An independent series of measurements, again with 80 observations (twenty on each of four additional individuals) at each slope of surface showed precisely the same relationships ('Fable II and Fig. 3) . We are indebted to Mr. Joseph Berkowitz for assistance in these trials. The probable errors of the mean latent periods are so nearly identical in the two series as to suggest from this additional standpoint the "intrinsic" character of the variation recorded. The connection between latent period and effective gravitational component is again hyperbolic up to about a = 55 °, and for slopes above this declines sharply. The standard deviation of the reaction time is again directly 0.6 . Table II). proportional to the reaction time (Fig. 4) , so that the relative variation of performance [i.e., A P.E.R.T. / /k (reaction-time)] is constant.
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FIG. 4. Probable errors of mean reaction times for geotropic response, as related to the mean magnitudes of the latent periods (data in
The alternative mode of procedure in such experiments is to allow the snail to creep on a horizontal plane so pivoted that the plate may be tilted on an axis paraIIel to the long axis of the snail. Extensive tests of this sort have been made with Helix nemoralis. The outcome is in all respects similar to that already described. This technique is capable of certain developments which will be considered in another place.
It is to be noted that whereas series of measurements such as those here reproduced are typical, one does find that under certain conditions, apparently nutritive, the musculature of the creeping snail may be in such a condition of tonus that the hyperbolic portion of the graph shown in Fig. 2 may descend much more abruptly. With such individuals it may appear that the reaction time of orientation resulting from displacement of the animal's axis at slopes between 40 ° and 80 ° may show no significant change, clearly due to the fact that the "minimum latent period" apparent under the conditions is reached at relatively small magnitudes of the gravitationally effective force.
IV
An immediate corollary of the notion that geotropic excitation of gasteropods is due to impressed muscle tensions is, that by modifying these tensions, properties of the geotropic response should show predictable distortion. Several lines of evidence have demonstrated that for Liguus (Crozier and Navez, 1929) this is as true as it is for young rats (Crozier and Pincus, 1926-27; 1929-30) . Particularly, when the gravitational pull is increased, by attaching masses to the shell, the latent period for the initiation of reaction is decreased. It is not to be lost sight of, however, that the degree of extension of the body muscles (probably both parietal and columellar) modifies the induction of excitation and the speed of response. For example, if repetitions of geotropic excitation by the method of rotating the substratum be carried on in rapid succession (say at intervals of a minute or so), the latent period progressively shortens, then later increases. This is clearly correlated with the progressive extension of the anterior portion of the body leading finally to its becoming flaccid and atonic.
In Liguus this is not at all so pronounced as in Helix, but the response in this case is complicated by the reversal of geotropism induced by the superposition of relatively large loads (Crozier and Navez, 1929) .
With Helix, buckshot were attached to the shell with bits of adhesive tape, approximately over the center of rotation of the shell in the turning operations. The resulting effects upon the latent periods for geotropic response at various inclinations of the surface may be illustrated by means of data from experiments with one individual (Table III) . In evaluating such results it is not to be lost sight of that since the measurements cannot all be made on the same day, fluctuations of responsiveness undoubtedly intervene, although effort is made to keep the snail in comparable condition throughout and to vary the sequences of inclinations and of weights attached. We are under obligation to Mr. Joseph Berkowitz for painstaking assistance in these tests. We expect the decrease of latent period to be apparent only in the intermediate zone of slopes and of attached masses. This is clearly evident in Table III , and in Fig. 5 . The general form of the relationship between latent period and sin a is identical with added loads and without. Beyond a = 50 ° the differences are so slight, with the small loads it is mechanically permissible to employ in the present case, as to be without much significance. At ~ = 10 ° and ~ = 5 ° the effect of the small added masses is not appreciable in this individual, although with others studied in the same way the decrease is more definite. Between a = 15 ° and a = 50 °, however, the expected decrease in latent period is real and significant. The elongation of the supporting musculature by the additional load, at high slopes, introduces complications, and is to be expected to lead in this way to a secondary increase of the latent period. The proportionality of ~ for latent period to latent period itself is not disturbed by the presence of an additional load (cf . Table III) .
It is notable that with the addition of loads to Helix the form of the curve connecting latent period with sin a does not change. This is especially striking in the position of the abrupt change of curvature in the region a = 55 °, which is unaltered. In explanation of this change of curvature (Figs. I, 3) we have considered that when the slope of the surface exceeds a certain magnitude (about 60 ° or a little less) the projection of the snail's center of gravity falls outside the base of support when the axis is made horizontal; the animal is then no longer in stable equilibrium, and the forces to be overcome are different in the sense that the adhesion of the foot is called upon to maintain attachment. This condition should not be materially altered with the added loads. The constancy of the location of the "break" in the curve, signifying a much more rapid decrease of latent period with increasing slope of surface, is evidence that the change does not depend upon a critical value of the total intensity of excitation, but rather upon a change in the incidence of stimulation due to the geometry of the situation such as we have supposed.
V
The instances in which it has been possible to demonstrate that variability of response or performance is modified in a manner similar to that in which the magnitude of the response itself is affected by some controlling variable are not as yet numerous. In cases previously analyzed (Crozier and Pincus, loc. cir.) , from the nature of the response it was necessary to consider the relative variation of the measured performance; in the present case it is clearly required to deal with the absolute magnitudes of the standard deviations of the measurements. The conclusion which must be drawn is, that the magnitude of the gravitational excitation determines both the speed of initiation of response and the variability of this speed. When a discontinuity or abrupt change appears in the curve connecting two such variables as exciting force and response, moreover, as in this case, it is a matter of some importance to be able to confirm the reality of this discontinuity through the parallel behavior of the variation of response (cf. Crozier, 1929; Upton, 1929-30; Navez, 1930; Pincus, 1930-31) .
VI
SUMMARY
Rotation of an inclined surface on which Helix is creeping straight upward, such that the axis of the animal is turned at a right angle to its previous position, but in the same plane, leads to negatively geotropic orientation after a measurable latent period or reaction time. The duration of the latent period is a function of the slope of the surface. The magnitude of the standard deviation of the mean latent period is directly proportional to the mean latent period itself, so that the relative variability of response is constant. The dependence of reaction time upon extent of displacement from symmetrical orientation in the gravitational field is found also by tilting the supporting surface, without rotation in the animal's own plane. On slopes up to 55 ° , the relation between latent period and the sine of the slope is hyperbolic; above this inclination, the latent period sharply declines. This change in the curve is not affected by the attachment of moderate loads to the snail's shell (up to 1/3 of its own mass), and is probably
